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INTRODUCTION 
Adolescent idiopathic scoliosis (AIS) is a spinal deformity, 
which may require surgical correction by attaching rods to 
the patient’s spine using screws inserted into the vertebrae. 
Complication rates for deformity correction surgery are 
unacceptably high. Determining an achievable correction 
without overloading the adjacent spinal tissues or implants 
requires an understanding of the mechanical interaction 
between these components. Our novel patient specific 
modelling software creates individualized finite element 
models (FEM) representing the thoracolumbar spine and 
ribcage of scoliosis patients. We have recently applied the 
model to investigate the influence of increasing magnitudes 
of surgically applied corrective force on predicted deformity 
correction. 
 
METHODS 
Low-dose, pre-operative computed tomography (CT) data 
for a series of nine AIS patients who underwent anterior 
single rod fusion surgery were imported into the modelling 
software. User-selected bony landmarks were utilized to 
reconstruct the osseo-ligamentous anatomy of the 
thoracolumbar spine and ribcage and to create patient-
specific FEM for each patient. For each FEM the surgically 
modified spine was simulated by including the titanium rod 
and screws. Using surgical compressive forces measured 
intra-operatively, the models were analysed to predict 
deformity correction (Cobb angle). Three compressive force 
profiles were applied to each patient FEM, with each 
representing increasing magnitudes of in vivo measured 
compressive loads (Profile A = upper standard deviation of 
intra-operative forces, Profile B = mean intra-operative 
forces, Profile C = lower standard deviation of intra-
operative forces). 
 
To assess the ability of the models to predict mechanically-
based surgical complications associated with damage to the 
screw-bone interface (ie. screw plough, screw pullout), the 
model predicted results for forces acting at this interface, 
both along the axis of the screw (ie. in the direction of screw 
pullout) and perpendicular to the screw-bone interface (ie. 
parallel to the rod), were recorded. The CT dataset for each 
patient was analysed to obtain bone density profiles at the 
mid-height through each vertebrae in the structural curve 
[1]. Using the average trabecular bone density, subject-
specific, level-wise predictions for bone shear strength were 
obtained [2]. These strength data were compared with the 
predicted axial screw forces to assess the likelihood of screw 
pullout. Similarly, the predicted off-axis screw forces were 
compared to experimentally determined values for screw 
forces sufficient to cause screw ‘plow’ in bovine bone [3]. 
The model-based assessments for screw plow/pullout were 
then compared with the clinical outcomes for each patient to 
assess the ability of the models to predict screw-related 
complications. 
 
RESULTS AND DISCUSSION 
The difference between the clinically-measured and model-
predicted corrected Cobb angle was less than the 5
o
 clinical 
measurement variability for at least one of the force profiles 
(Figure 1). Increasing magnitudes of surgical corrective 
force resulted in larger magnitude correction (ie smaller 
corrected Cobb angle). (Figure 1). 
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Figure 1: Clinical and predicted (Force profile A, B and C) 
corrected Cobb angle.  
 
With regards predicted screw plow for each patient FEM, 
with increasing magnitudes of corrective force, there was an 
increase in the number of vertebra in which the predicted 
off-axis screw force exceeded the maximum load to case 
plow [3]. In all patients, the predicted screw pullout forces 
were below the shear strength for each instrumented 
vertebra, however the clinical outcomes for patient #9 
included a proximal screw-pullout less than 6weeks post-op. 
 
CONCLUSIONS 
The model is successful in predicting clinically observed 
surgical correction, however, in order to predict surgical 
complications resulting from periods of physiological 
loading, more advanced boundary conditions must be 
included to replicate the effect of muscle loading. The 
results suggest there is a direct relationship between the 
magnitude of corrective forces and the achieved correction, 
with increasing magnitude forces resulting in better 
correction (as measured by decrease in Cobb angle). 
However, these results should be interpreted in light of the 
potential for complications such as screw plow with higher 
magnitude intra-operative corrective forces. 
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